Background and Objective: More than 100 salivary constituents have been found to show levels significantly different in patients with oral squamous cell carcinoma (OSCC) from those found in healthy controls, and therefore have been suggested to be potential salivary biomarkers for OSCC detection. However, many of these potential OSCC salivary biomarkers are also involved in chronic inflammation, and whether the levels of these biomarkers could be affected by the presence of chronic periodontitis was not known. The objective of this pilot study was therefore to measure the levels of seven previously reported potential OSCC salivary mRNA biomarkers in patients with chronic periodontitis and compare them to levels found in patients with OSCC and healthy controls. The seven salivary mRNAs were interleukin (IL)-8, IL-1b, dual specificity phosphatase 1, H3 histone family 3A, ornithine decarboxylase antizyme 1, S100 calcium-binding protein P (S100P) and spermidine/spermine N1-acetyltransferase 1.
between patients with OSCC and either CPS (p = 0.449) or healthy controls (p = 0.107).
Conclusions: Salivary S100P mRNA could be a reliable biomarker for OSCC detection, regardless of the presence of chronic periodontitis. The presence of chronic periodontitis could significantly affect the levels of the other six mRNAs, and negatively influence reliability for using them as biomarkers for oral cancer detection.
Saliva constituents have been found to reflect a diseased or physiological state of the human body, and hence could be utilized for diagnostic purposes (1-4). Potential applications not only include detection of infectious diseases, cancers, autoimmune diseases and cardiovascular diseases (such as acute myocardial infarction), but also monitoring of hormone levels and testing for substance abuse (5) (6) (7) (8) (9) . Using salivary biomarkers for early detection of oral cancer is a promising non-invasive approach. However, the search for valid biomarkers is complicated by the fact that local inflammation is also commonly found in the oral cavity due to trauma, dental plaque, infection or certain chronic mucocutaneous inflammatory diseases. Whether such oral inflammation (non-neoplastic conditions) affects the levels of more than 100 salivary constituents previously reported as potential OSCC biomarkers is mostly unknown, because in previous studies levels of the potential biomarkers measured in patients with OSCC have been compared only with non-OSCC controls (2) . In addition, many of those reported potential OSCC salivary biomarkers, such as interleukin (IL)-6 (10-12), IL-8 (10, 13, 14) , IL-1b (14, 15) , basic fibroblast growth factors (16) and antioxidant enzymes (17) , are also important factors involved in inflammation and/ or wound healing (18, 19) . The levels of some of them indeed have been reported to be significantly higher or lower in patients with periodontitis who had no OSCC (20) (21) (22) (23) . If chronic periodontitis, which affects 48% of the US population age 30 or older (24) (25) (26) and 5-15% global population (27) , is found to affect levels of a potential biomarker to a degree that there is no significant difference from the levels found in patients with OSCC, then use of that biomarker for clinical detection of OSCC could result in significant false positive rates -thereby greatly reducing its value as a non-invasive diagnostic adjunct. Therefore, further validation is urgently needed, to determine the reliability of reported potential salivary biomarkers for OSCC, or for any cancer detection.
As part of a long-term effort to validate potential salivary biomarkers for clinical detection of OSCC, we selected a group of seven promising salivary mRNAs that had been found to show significantly higher levels in some groups of patients with OSCC, compared to the levels found in normal controls (15, 28, 29) . The seven mRNAs are IL-8, IL-1b, dual specificity phosphatase 1 (DUSP1), H3 histone family 3A (H3F3A), ornithine decarboxylase antizyme 1 (OAZ1), S100 calcium-binding protein P (S100P) and spermidine/spermine N1-acetyltransferase 1 (SAT1). The objective of this pilot study was to measure the levels of these salivary mRNAs in patients with chronic periodontitis and compare them to levels found in patients with OSCC, which had not been done before.
Material and methods

Patient groups and recruitment
Human subjects were recruited for each of the following four groups, during the period September The inclusion and exclusion criteria for each group of participants are listed in Table 1 (30) (31) (32) (33) . The rationale for these criteria has been delineated in our previous work (34, 35) . The healthy controls were recruited by matching the age range of the other three study groups (aged 35 and above), and including approximately equal numbers of males and females.
Convenience sampling was used, in which any patients with OSCC and chronic periodontitis who were interested in participating and fit the criteria were included in the study. Clinical information about the participants, including the OSCC clinical stage, pocket depth and/or clinical attachment levels of patients with chronic periodontitis, was retrieved from the database at TAMU-Baylor College of Dentistry, or provided by referring doctors. The recruitment protocol used was approved by the Institutional Review Board of TAMU-BCD, and informed consent was obtained from each participant before the saliva collection.
Saliva collection
Unstimulated whole saliva samples were collected between 06.00 and 12.00 h, using previously described methods (35, 36) . Briefly, subjects were asked to not eat, drink or perform any kind of oral hygiene procedures before saliva collection. Just before saliva collection, a cup of water was given to participants for rinsing. Five minutes after rinsing, participants were asked to spit into a 50 mL sterile plastic tube kept in ice. A maximum of 8 mL of saliva was collected within 30 min.
Sample processing
Saliva samples were processed immediately after collection according to a previously published method (35) . Briefly, the saliva samples were centrifuged at 2600 g for 15 min, at 4°C.
The supernatant was separated from the pellet, and the RNase inhibitor (Superase-In, Ambion Inc., Austin, TX, USA) was added to the supernatant (5 lL Superase-In/mL of supernatant). All samples were stored at À80°C in aliquots until further use.
Reverse transcription preamplification and quantitative polymerase chain reaction A pre-amplification reverse transcription-quantitative polymerase chain reaction (RT-qPCR) approach with nested gene-specific primers was used, according to previously described Clinical attachment level refers to the distance between the cemento-enamel junction of the tooth and the base of the gingival sulcus. Pocket depth refers to the distance from the free gingival margin to the bottom of the gingival sulcus. This definition of moderate to severe periodontitis is based on Eke et al. (25) .
b "Non-smoker" was defined as a person who had smoked fewer than 100 cigarettes in his/her lifetime and had not smoked at all within one calendar year before beginning participation in the study, and who had not smoked pipe or cigar or used smokeless tobacco, for any more than a total of 6 mo in their lifetime, and not at all within the calendar year before beginning participation in the study (22, 23) .
c "Ex-smoker" was defined as a person whose last smoking or other use of tobacco products was at least 20 years before beginning participation in the study (24) . d "One alcoholic drink" was defined as approximately 150 mL of wine, 330 mL of beer or 30 mL of hard liquor (23) .
e "Smoker" is defined as a person who has smoked more than 100 cigarettes in his/her lifetime and/or has smoked within one calendar year before beginning participation in the study, and who has smoked pipe or cigar or used smokeless tobacco, for more than a total of 6 mo in their lifetime, and/or within the calendar year before beginning participation in the study. OLP, oral lichen planus; OSCC, oral squamous cell carcinoma.
methods (28, 35, 37) . After thawing, the total RNA of the saliva sample was extracted, using the RNeasy mini kit (Qiagen, Valencia, CA, USA), and all samples were then treated with RNase-free DNase (Qiagen) to remove genomic DNA. Nested PCR assay, an RT-PCR pre-amplification followed by qPCR, was used, according to Hu et al. (37) . The outer and inner primer sequences for the seven mRNA biomarkers (IL-8, IL-1b, DUSP1, H3F3A, OAZ1, S100P and SAT1), along with two reference genes (RPS9 and b-actin), were adopted from previous studies (28, 35) . The qPCR was performed with BioRad ITAQ Fast SYBR ROX kit (Bio-Rad, Hercules, CA, USA) on Bio-Rad CFX96 Real-Time System (Bio-Rad). Each saliva sample was tested in triplicate. An inter-run calibrator of 0.125 lg/lL human RNA (Stratagene qPCR Human Reference Total RNA; Agilent Technologies, Santa Clara, CA, USA) was added in each experiment along with the saliva samples. The amount of each of the seven mRNAs was normalized by bactin and RPS9 (28) . The results were recorded by the Bio-Rad CFX Manager Software version 2.0. Descriptive tests (minimum, maximum, range, sum, count, mean, median and standard deviation) were used to describe and summarize study results. Analysis of variance and the chi-squared test were used to evaluate the mean difference of age and gender distribution, respectively, among the study groups. The Kruskal-Wallis test was used to analyze the differences in the relative quantity (DCq) of each salivary mRNA biomarker among the study groups. The Mann-Whitney U-test was applied as a post-hoc test for pairwise comparisons of normalized relative quantity (DDCq) between each pair of study groups. Bonferroni corrections were applied to control inflated type I error due to multiple comparisons. As there were six pairwise tests, p values needed to be < 0.0083 (0.05/6 = 0.0083) to be able to reject the null hypotheses. The mean fold changes between each pair of patients vs. the control group were calculated by the Pfaffl method (38).
Results
After excluding saliva samples that had blood contamination or were insufficient in amount, 105 valid samples were analyzed. Demographic information and OSCC stages are listed in Table 2 . In the OSCC group, 40% of participants were diagnosed as being in clinical stage I while 32% in stage IV. There was no significant difference in the mean age among the four study groups (p = 0.073). However, there was a significant difference in gender distribution among the four groups (p = 0.001). To investigate whether this difference in gender distribution might be a confounding factor to the salivary biomarker levels, we then used the independent t-test to analyze the mean differences in the relative quantity (DCq) of each salivary mRNA biomarker between males and females in the healthy control group. There was no significant difference in the relative quantity of each of the seven salivary mRNAs between males and females ( Table 3) .
The mean and standard deviation of the threshold temperature (Cq), and the normalized mean and median Cq (DCq) of each mRNA in each study group are listed in Table 4 . The median fold changes of the seven salivary mRNAs in each patient group, DUSP1, dual specificity phosphatase 1; H3F3A, H3 histone family 3A; IL, interleukin; OAZ1, ornithine decarboxylase antizyme 1; S100P, S100 calcium-binding protein P; SAT1, spermidine/spermine N1-acetyltransferase 1.
compared to the levels found in the healthy control group, and the statistical results for each pair of the study groups are shown in Fig. 1 . Extremely low levels of salivary OAZ1 and SAT1 mRNAs were found in the CPNS (chronic periodontitis, moderate to severe degree, non-smokers) patient group when compared to the healthy controls (0.03-fold for both mRNAs). Among the seven salivary mRNAs, only the S100P mRNA showed significantly higher levels in patients with OSCC when compared to levels found in both periodontitis patient groups: CPNS (p = 0.003) and CPS (p = 0.007). The difference in levels between patients with OSCC and healthy controls was also marginally significant (p = 0.009). Three salivary mRNAs, IL-8, IL-1b and DUSP1, showed the same tendency in that significantly higher levels were found in patients with OSCC when compared to the levels found in CPS (p = 0.003, p < 0.001 and p < 0.001, respectively) and healthy controls (p < 0.001, p < 0.001 and p < 0.001, respectively); however, no significant difference were noted in the levels between OSCC and CPNS (p = 0.510, p = 0.058 and p = 0.078, respectively). In addition, those three mRNAs also showed marginally significant or significantly higher levels in CPNS compared to the levels both in CPS (p < 0.001, p < 0.001 and p = 0.009, respectively), and in healthy controls (p < 0.001, p < 0.001 and p < 0.001, respectively). On the other hand, OAZ1 and SAT1 mRNAs both showed marginally significant or significantly higher levels in patients with OSCC compared to levels in both CPNS (p < 0.001 and p < 0.001, respectively) and healthy controls (p = 0.003 and p = 0.010, respectively) but not CPS (p = 0.318 and p = 0.764, respectively). Both mRNAs also showed significantly lower levels in CPNS compared to levels in both CPS (p < 0.001 and p < 0.001, respectively) and healthy controls (p = 0.003 and p < 0.001, respectively).
Salivary H3F3A mRNA showed a significantly higher level in patients with CPNS when compared to all other study groups: OSCC (p < 0.001); CPS (p < 0.001); and healthy controls (p < 0.001). However, it did not show significantly different levels in patients with OSCC compared to levels found in either CPS (p = 0.449) or healthy controls (p = 0.107).
Discussion
The seven salivary mRNAs investigated in the present study had all been found previously to show significantly higher levels in patients with OSCC compared to healthy controls, in five different cohorts of patients; and therefore, had been suggested as good salivary biomarker candidates for OSCC detection (15, 29) . Our results, in comparing the levels found in patients with OSCC and healthy controls, are mostly consistent with the two previously published studies, except that we did not find significantly different levels in the H3F3A mRNA between patients with OSCC and our healthy controls. However, in our study the presence of advanced periodontitis appears to affect significantly the levels of five of these seven salivary mRNAs, which would affect their reliability as biomarkers for OSCC detection. The patients with CPNS showed no significantly different levels of salivary IL-8, IL-1b or DUSP1 mRNAs, compared with their levels found in patients with OSCC; and the CPS (periodontitis, moderate to severe degree, smokers) patients showed no significantly different levels of salivary OAZ1 and SAT1 mRNAs. Although our findings seem disappointing, in light of the large research study that previously included these five mRNAs in a panel of the most promising salivary biomarkers for OSCC detection (29) , we believe it is best to raise awareness among researchers that DUSP1, dual specificity phosphatase 1; H3F3A, H3 histone family 3A; IL, interleukin; OAZ1, ornithine decarboxylase antizyme 1; OSCC, oral squamous cell carcinoma; S100P, S100 calcium-binding protein P; SAT1, spermidine/spermine N1-acetyltransferase 1.
there is an urgent need to validate any promising salivary biomarkers for cancer detection by at least testing them against the common oral inflammatory disease, periodontitis. With this additional step of validation, a new panel or a modified panel from the study by Elashoff et al. (29) may be identified eventually -not only avoiding false positives but perhaps providing even higher sensitivity and specificity, which would be more useful for clinicians and their patients. Among the seven salivary mRNAs, only S100P showed significantly higher levels in OSCC patients compared to levels in both patient groups with chronic periodontitis (regardless of smoking history), and the differences were also marginally significant between patients with OSCC and healthy controls after Bonferroni corrections. In our previous work, we also found that salivary S100P mRNA showed significantly higher levels in patients with OSCC when compared to the levels found both in patients with OSCC in remission (who were at least 2 years post-treatment without any recurrence) and in patients with OLP -a chronic, T-cellmediated inflammatory disease (regardless of OLP disease activity) (35) . Taken together, these results make salivary S100P a very promising candidate as an OSCC-specific biomarker as to whether the patient might also have a common chronic inflammatory condition in the oral cavity.
Our findings also suggest that the expression of S100P may be a distinguishing event in the development of OSCC from chronic inflammation. Indeed, these findings are consistent with current knowledge regarding the role of S100P in carcinogenesis, in which it contributes mainly to the process of invasion and metastasis (39, 40) , a phenomenon that does not occur in the epithelial cells in chronic oral inflammatory diseases such as periodontitis and OLP. In addition, overexpression of S100P mRNA has been found specifically in the OSCC cells, which were resistant to detachment-induced apoptosis, indicating its involvement in the metastatic process in OSCC (41) . The S100P expression in OSCC appeared to be regulated by B-cell lymphoma/leukemia 10, an apoptotic regulatory protein, through the STAT1/ATF4 signaling pathway (42) . At this time, whether the increased salivary level of S100P in patients with OSCC found in our study reflects an increased S100P mRNA expression in the OSCC tissue is still unclear. There has been only one study so far investigating the Fig. 1 . (A-G) Mean fold changes of the seven salivary mRNAs in each patient group when compared to the levels found in the healthy control group, and the statistical results for each pair of study groups. Bracket with the p-value indicates the statistical result for each pair of study groups ("*" indicates marginal significance and "**" indicates statistical significance). CPNS, chronic periodontitis, moderate to severe degree, non-smokers; CPS, chronic periodontitis, moderate to severe degree, smokers; DUSP1, dual specificity phosphatase 1; H3F3A, H3 histone family 3A; IL, interleukin; OAZ1, ornithine decarboxylase antizyme 1; OSCC, oral squamous cell carcinoma; S100P, S100 calcium-binding protein P; SAT1, spermidine/spermine N1-acetyltransferase 1.
mRNA expression of S100P in OSCC. Sapkota et al. (43) investigated the profile of 16 S100 gene family members, including S100P, in patients with OSCC in Sudan, and the authors did not find significantly increased levels of S100P mRNAs in the OSCC tissue specimens when compared to healthy controls. However, there is evidence to suggest that changes in gene expression of the S100 gene family members may vary among OSCCs that develop via different carcinogenesis mechanisms. Sapkota et al. (43) has pointed out that the high incidence of OSCC in Sudan is not associated with tobacco products as it is in Western countries, as social and cultural constraints make smoking and smokeless tobacco habits relatively uncommon there. OSCC in that country is strongly attributed to extensive consumption of toombak, an oral snuff containing a high amount of N-nitrosamine. They noted that while the S100A7 mRNA levels in patients with OSCC showed no significant difference from the healthy controls from the Sudan population, its levels were significantly upregulated in patients with OSCC from Norway when compared to paired healthy controls (43) . In fact, upregulated S100A7 mRNA expression has also been found in patients with OSCC in other Western countries such as Germany and Poland (44) (45) (46) . A study in Canada also found that overexpression of S100A7 protein in patients with OSCC appeared associated with a reduced cancer-free survival period (47) . We found that the levels of salivary mRNAs of IL-8, IL-1b and DUSP1 appeared significantly elevated by the presence of either OSCC or periodontal inflammation (in both smokers and non-smokers), when compared to the healthy controls. Levels of these three salivary mRNAs were elevated in patients with CPNS to a degree that there was no significant difference from the levels found in patients with OSCC, rendering them unreliable as salivary biomarkers for OSCC detection. In addition, when comparing the levels of these three salivary mRNAs between the smokers and nonsmokers in patients with chronic periodontitis, smoking appeared to reduce the levels of all three of them. Both IL-8 and IL-1b are proinflammatory cytokines and have been found to show significantly increased levels in periodontal inflammation as well as in OSCC (15, 18, 35, (48) (49) (50) . Although the research on smoking effect on the various inflammatory cytokines in periodontal disease is still inconclusive, our findings are consistent with the conclusion of most previous studies that in patients with periodontitis, smokers appeared to have decreased levels of several proinflammatory cytokines, including IL-8 and IL-1b (51) (52) (53) .
The role of DUSP1 in OSCC is currently under investigation, and recent evidence suggests that it acts as a tumor suppressor gene, which regulates cancer-associated inflammation, and is significantly silenced in OSCC (54, 55) . Interestingly, despite that salivary DUSP1 mRNA level has been found to be significantly elevated in patients with OSCC when compared to healthy controls (15, 29, 35) , DUSP1 mRNA and protein expression was found decreased in OSCC tissue when compared to the adjacent non-tumor control tissue (55) . Although nicotine has recently been found to induce degradation of DUSP1 (56), the specific role of DUSP1 in periodontitis has not been studied so far. However, given the fact that DUSP1 is a key regulator of innate immune responses to micro-organisms (57), it would not be surprising if DUSP1 is eventually found to be involved in periodontitis.
An interesting finding in our study is that the salivary biomarkers that showed significantly different levels between the OSCC and the two patient groups with periodontitis (CPNS and CPS) are mutually exclusive, i.e., mRNAs of IL-8, IL-1b, and DUSP1 levels were significantly higher in patients with OSCC compared to those found in CPS, while mRNAs of OAZ1 and SAT1 (but not IL-8, IL-1b and DUSP1) levels were significantly higher in patients with OSCC compared to those found in CPNS. For the findings regarding IL-8, IL-1b and DUSP1 mRNAs, both CPS and CPNS indeed showed marginally significant or significantly higher levels of IL-8, IL-1b and DUSP1 when compared to the levels found in healthy controls (Fig. 1) . The significantly higher levels found in patients with OSCC when compared to patients with CPS were due to a reduction in the levels of these three mRNAs in the CPS group, and we speculated that this was due to the smoking habit, which has been reported to decrease inflammatory cytokines such as IL-8 and IL-1b (51-53), as discussed above. In the same way, the significantly higher levels of OAZ1 and SAT1 found in patients with OSCC when compared to patients with CPNS were also mostly attributed to the significantly lower levels of these two mRNAs in the CPNS group. In fact, the levels of these two mRNAs were significantly lower in CPNS when compared to the levels found in all other groups, including healthy controls (Fig. 1) . When the smoking factor is added to patients with periodontitis, as in the CPS group, it appears to increase the levels of both OAZ1 and SAT1 mRNAs, and that effect is indeed the same effect of OSCC to these two salivary mRNAs, as both OAZ1 and SAT1 showed marginally significant or significantly higher levels in patients with OSCC when compared to those found in healthy controls (Fig. 1) . These findings support and reinforce the well-known notion that smoking is a risk factor for OSCC. In addition, the increase in both OAZ1 and SAT1 levels in patients with CPS has reached a degree, which results in no significant difference in their levels when compared to the levels found in patients with OSCC. We unfortunately do not have a healthy control group who are smokers for comparison. However, all previous published studies regarding these seven salivary mRNAs did include smokers in their healthy controls (15, 28, 29) . Therefore, this finding combined with the findings in previously published studies suggest that while both OAZ1 and SAT1 mRNAs could be potential OSCC salivary biomarkers in individuals who are non-smokers, regardless of periodontal status, they would not be reliable OSCC salivary biomarkers in patients with periodontitis who have a smoking habit, a known risk factor for OSCC.
The dramatically low levels of salivary OAZ1 and SAT1 mRNAs in patients with CPNS are indeed a novel finding in our study and worth further discussion. OAZ1 is a member of OAZs, which inhibit ornithine decarboxylase (ODC). Both ODC and SAT1 are key regulatory enzymes in the polyamine biosynthesis and interconversion pathway (58) (59) (60) . Increased ODC activity has been found in most human cancers (58, 61) , and it has been suggested that OAZ functions as a tumor suppressor (62) (63) (64) . Increased ODC mRNA expression due to smoking also has been reported in the ventricular myocardium of hypertensive rats (65) , and in epithelium and smooth muscles of the airways of patients with asthma (66) . However, the smoking effects of OAZ1 and SAT1 in patients with periodontitis is unknown, except for our finding in the CPS group in this study. As all our healthy control group patients were non-smokers, our findings in CPNS indicate that periodontal inflammation alone could significantly reduce salivary OAZ1 and SAT1 mRNAs. This finding indicates dysregulation of polyamine in periodontal disease, and significantly lower salivary levels of OAZ1 suggest a possible higher level of ODC in patients with chronic periodontitis. This also appears consistent with a previously reported finding that salivary ODC levels were significantly higher in patients with chronic periodontitis compared to healthy controls (67) . Although salivary mRNAs of OAZ1 and SAT1 have been found to show significantly higher levels in patients with OSCC (15, 28, 29) , their levels did not appear to be significantly higher in patients who have OLP, another chronic oral inflammatory disease with a different pathogenesis from periodontitis, when compared to healthy controls (35) . The dramatically low levels of salivary OAZ1 and SAT1 mRNAs, which is the opposite trend from OSCC and is a different trend from OLP, also suggest the possibility that these two salivary mRNAs may be unique salivary biomarkers for periodontitis. This leads to a new direction for further research in the relationship between periodontitis and polyamine biosynthesis.
In conclusion, we found that only salivary S100P mRNA could be a reliable biomarker for OSCC detection, regardless of the presence of chronic periodontitis, and that the presence of chronic periodontitis would affect reliability for using six of the seven promising salivary mRNA biomarkers for oral cancer detection.
